Differential innervation of the goldfish tonic red muscles and twitch white muscles by neuropeptide-immunoreactive motoneurons.
Neuropeptides in the motor nerves innervating the red and white muscles of the goldfish Carassius auratus were examined. In the tonic red muscles, varicose nerve endings immunoreactive for both calcitonin gene-related peptide and substance P were found spread over the surface of the muscle fibers, but in the twitch white muscles only scattered nerve endings immunoreactive for calcitonin gene-related peptide were found. At the electron microscopic observation, dense electron products immunoreactive for calcitonin gene-related peptide and for substance P (SP) were detected in the motor nerve endings making synapses on the muscle fibers of the red muscles. In the spinal cord, all of the motor neurons showed immunoreactivity to calcitonin gene-related peptide, but the motor neurons immunoreactive for substance P were restricted to the ventrolateral group that has been shown to project predominantly to the red muscles. These results suggest that the motor neurons innervating the red and white muscles of the goldfish are distinct in their neuropeptide content. The present study also raises the possibility that SP might be related to the unique physiological properties of the tonic type red muscles, probably by direct binding to the acetylcholine receptors.